Node 6 nodes and a total connected load of 3365 kVA. The other has 30 nodes and six lateral branches. The proposed method predicts annual savings of $15,776 and $24,534 for the 12-node feeder and 30-node feeder, respectively. The capacitor schedules for the two feeders are presented in Tables 1 and 2 , where S denotes a switching capacitor.
A new optimal capacitor allocation method that uses a distributionanalyzer-recorder (DAR) and sensitivity factors has been presented. The OAR gathers data that is used to derive load multipliers to characterize feeder loads. Sensitivity factors identify and prioritize the most effective node locations for capacitor placement.
Load multipliers allow modeling of loads of different power factors at different feeder areas for improved solution accuracy. These load multipliers have many potential applications in distribution systems, including voltage analysis, load transfer analysis, optimal capacitor allocation, and expansion planning. The breakdown voltage level of a dielectric system under a transient voltage of a given waveshape is not a constant parameter. When transient voltages of the same waveshape but of increasing amplitude are applied to a dielectric system, the dielectric breaks down at higher voltage levels at shorter time delays for the higher applied voltages. Optimal capacitor allocation is a constrained optimization problem where the objective function is the annual savings; that is,
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The optimal solution must satisfy equality constraints imposed by the power flow equations, and inequality constraints imposed by the upper and lower limits on the node voltages, the maximum number of banks placed at a single node, and the total number of banks budgeted for the year.
The constants Kp, KE, and KR convert power loss savings APL. energy loss savings AEL, and released capacity AS, to dollars, respectively. The capacitor cost CO depends on the bank kvar, and includes the costs of miscellaneous hardware and installation.
Sensitivity factors are used to determine at which nodes additional capacitors will have the greatest effect in reducing peak power and energy losses. Sensitivity factors are evaluated at every iteration. The nodes are ranked in descending order of the values of the sensitivity factors. The top-ranked nodes in the priority list are the first to be considered in generating alternatives in the optimization process.
In succeeding iterations, the ranking of the nodes is modified by reserving the highest positions in the priority list to those nodes where capacitors have been placed in preceding iterations. This is reasonable since the cost of a second capacitor at the same node will not include additional cost of miscellaneous hardware and installation, whereas a similarly sized bank at a new node location would.
An alternative is formed by temporarily assigning a standard-size capacitor bank to the node at the top of the priority list. A power flow solution is obtained to check for voltage constraint violations; and if there are none, the overall annual savings is computed and compared to the previous solution. Then the capacitor is moved to the next node in the priority list, and the process is repeated. At the end of this iteration, a capacitor bank is permanently placed at the node which yielded the greatest savings. A computer program implementing the proposed method has been written and applied to two test distribution feeders. One feeder has 12
where V(t) is the applied impulse voltage, DE, Ki and K2 are the constants for a dielectric system, tt, is the time lag of breakdown, and to is the time when V(to)=Ki. Difficulties have been encountered in the determination of K1, K2 and to. As a result, it has not been possible to apply the equation universally, and no acceptable method exists today.
The goal of the present study was to perform a series of statistically designed tests on several types of short air gaps under lightning voltages of nonstandard waveshapes. The objective was to compare the critical breakdown voltage levels, VSO, and the volt-time characteristics of these short air gaps under lightning voltages of various waveshapes. The results of the critical breakdown voltages were presented previously. The results of the volt-time characteristics are presented in this paper.
Two vertically mounted 5-cm long air gaps were selected for the tests: (i) rod-plane gap, and (ii) rod-rod gap. The rods were 1.25-cm square, square-cut aluminum rods; and the plane was a 1-m square aluminum plate. Five voltage waveshapes, including the standard 1.2/50-ps wave, were used to determine the volt-time characteristics of the air gaps. The wavefronts were varied from 25 ns to lops, and the wavetails to half value were varied from 0.5 us to 100 ps Tests were started at a charging voltage level of the impulse generator where the test gap broke down on the tail of the applied voltage wave. The Harmonic resonance has been observed, measured and modeled on1 parallel 500-kV lines that are about one wavelength at 2100 Hz, the 35th harmonic. A seemingly small harmonic injection at one location on the system causes significant problems some distance away such as telephone interference. The Bonneville Power Administration (BPA) measured simultaneous harmonic currents in opposite directions on the parallel Custer-Monroe 500-kV lines in Northwestern Washington State. As measured from the Custer end, one parallel line appeared capacitive, and the other parallel line appeared inductive. These two lines create a near resonance circuit at Custer 500-kV which amplifies the 35th harmonic current on each line.
The source of the harmonic current into Custer was the Ingledow Substation. Ingledow was found to be passing harmonic currents from the Arnoff dc terminal serving Vancouver Island on the BC Hydro' system. Figure 1 . shows actual measurements made at the Custer Substation. Measurements were made at both the Custer and Ingledow Substations. When the length of the Custer-Monroe 500-kV line no. 2 was changed by isolating the line terminal at Monroe to connect to another line the resonance was reduced. When high pass filters were inserted at the dc terminal, the harmonic current also went down.
The Guster-Monroe no. 1, 500-kV line is calculated to be 0.982 wavelength long at the 35th harmonic, and the Custer-Monroe no. 2, 500-kV line is calculated to be 0.973 wavelength long at the 35th harmonic. According to transmission line theory the impedance of an open circuit line will change from inductive to capacitive every half wavelength from the open circuit. Furthermore, the impedance will change from capacitive to inductive at 1/4 wavelength and then at every 1/2 wavelength thereafter. where a and Vo are two constants to be determined from two experimental points; to is the time (from start) when the instantaneous applied voltage exceeds Vo, and tb is the time when the applied voltage collapses due to breakdown. DE is a parameter which is constant for a particular gap under a specified voltage waveshape. The second equation is similar to first, thus assuming that the breakdown process is a cumulative process in voltage and time. However, the second equation is different in interpreting the breakdown mechanism. It assumes that DE, Vo and a will have different values for different gaps, and for different voltage waveshapes even for the same gap. As no theoretical basis has been arrived as yet, these three parameters were experimentally determined.
Vo is defined as the voltage of a specified waveshape which a particular air gap will withstand under repeated applications with very low probability of breakdown. If the estimates of the critical breakdown voltage, V~O , and the standard deviation, s, are known, based on n observations of a normal distribution, then it can be stated that at least a portion, P, of the population is greater than Vo with confidence, y, where Vo is given by:
The parameter, k, which is a function of n, P and y, can be found from statistical tables. P was assumed to be 0.999, and y-0.95. Once Vois computed, DE and a were computed from two breakdown voltage levels at two different breakdown times, the voltage profiles of which were already stored in the computer. The analysis was performed by the ASYSTANT software which can perform mathematical operations on data arrays. Two of the experimental and analytical volt-time characteristics are shown in Figure 1 . 
